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Attaining agricultural sustainability and eliminating poverty are the key challenges of rural areas. Non-farm income diversification is a vital livelihood strategy that endorses sustainable agriculture and alleviates poverty. Considering the land degradation and poor economic situation of Pakistan's rain-fed areas, the current research examined the potential effects of non-farm income diversification on household poverty and adopting soil and water conservation (SWC) technologies. A survey of 441 farmers was conducted in rain-fed areas of Punjab, Pakistan, and for econometric analysis, the propensity score matching (PSM) technique was employed to explore the objectives. The results signified that diversified farmers were more likely to adopt SWC practices and were less vulnerable to poverty. The findings suggest that farmer-based organizations and agricultural extension activities must be strengthened as they support non-farm income diversification, thus facilitating investment in soil and water conservation technologies and reducing poverty.
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1. Introduction

The rain-fed farming areas of Pakistan are recorded to have relatively high poverty levels due to overdependence on rain for farming activities and other livelihoods (Rashid and Rasul, 2011; Bakhsh and Kamran, 2019). Moreover, because of poor agricultural production, inefficient land use, and inadequate off-farm options, Punjab's northern regions, such as the Potohar region, confront significant challenges such as food security and poverty (Suleri and Iqbal, 2019).

Addressing pressing challenges, such as poverty and climate vulnerability, for a nation is the biggest obstacle to achieving sustainable development goals (Issahaku and Abdul-Rahaman, 2019). Poverty increases vulnerability, and susceptibility to climate uncertainty further exacerbates poverty (Eriksen and O'brien, 2007). In addition, soil degradation in rain-fed areas is primarily caused by primitive farming practices that physically, chemically, and biologically deteriorate the soil (Ali et al., 2020).

Intensive agriculture systems significantly negatively impact climate change, greenhouse gas emissions, and soil degradation and cause pollution. Adopting sustainable farming practices mitigates these effects and ensures a more sustainable future (Ali et al., 2019). Hence, farmers must replace traditional farming methods with more sustainable conservation practices (Nawab et al., 2021). Soil and water conservation (SWC) includes the set of technologies to cointegrate the management of soil, water, and further environmental resources to fulfill essential human needs by bringing long-term sustainability to biodiversity and livelihoods (Baig et al., 2013). SWC adoption is considered the entry point for increased productivity and income, thus, breaking the vicious circle of poverty (Manda et al., 2016). Despite demonstrating considerable enthusiasm and efforts initially, evidence of adopting SWC practices to achieve optimal results is weak (Qadir and Oster, 2004; Mazhar and Shirazi, 2023). SWC practices are capital-intensive. Therefore, smallholders are often cash-strapped due to crop failures, poor harvests, price instability, and imperfections in financial markets (Abidoye and Odusola, 2015). Hence, smallholders have acknowledged non-farm diversification as a sustainable strategy (Issahaku and Abdul-Rahaman, 2019).

Stifel (2010) described income diversification as increasing sources to stabilize household income. This study applied the concept of income diversification concept where a farmer is engaged in sources other than farming, such as self-employment, trading, paid work, and other occupations or enterprises. The major reasons behind income diversification are to decrease the low-income risk through diversification ex-ante, to achieve food security in the event of diminishing farm yield, and to avoid climate shocks through diversification ex-post due to failure of insurance coverage and lack of credit availability (Ellis, 2010). Additionally, it is a norm among households to diversify their income during the off-farm season to avoid low income (Ellis, 1998).

Existing literature suggests that income diversification provides a parallel source of household income (Pfeiffer et al., 2009; Owusu et al., 2011). Olugbire et al. (2011) suggested that the non-farm sector significantly donates to economic and rural development in a community. Income diversification facilitates on-farm investments and the adoption of the latest agricultural technologies, while on-farm income can be capitalized in commerce-related activities (Anang, 2019). In addition, income diversification is related to superior revenues and ensures consistent access to food (Babatunde and Qaim, 2010). Literature suggests two probable impacts of income diversification (Babatunde, 2015): the income effect, which increases farm-level investment, and the lost labor effect, the labor numbers probably are lowered owing to other occupations from farming operations. Multiple studies (Desbiez et al., 2004; Chang et al., 2008; Stampini and Davis, 2009; Anríquez and Daidone, 2010; Scharf and Rahut, 2014) acknowledged the significant effect of income diversification on farm production, labor hiring, procurement of farm inputs, and households' food security.

In contrast, Pfeiffer et al. (2009) stated an inverse relation between non-farm participation, farm investment, and productivity. Kousar and Abdulai (2015) found an inverse relationship between non-farm income influx and fertilizer application in rural Punjab, Pakistan. Similarly, Huang et al. (2019) reported a negative association between non-farm diversification and adopting SWC practices among the farmers of the loess plateau in China. Non-farm participation restrains labor availability; hence, it does not necessarily support farm-level investment, contrary to the common assumption. The standard hypothesis suggests that the smallholders depending on agriculture are expected to invest the extra income in on-farm ventures. Conflicting empirical evidence makes it essential to investigate this further in the local context. Though some studies have explored income diversification in Pakistan, only scant literature discusses the role of non-farm income in adopting SWC and household poverty. The study thus contributes to Pakistan's empirical study by investigating the impact of non-farm income diversification on household poverty and the adoption of conservation technologies.


1.1. Farmer's decision to participate in non-farm income diversification

The study employed a sustainable livelihood framework (Figure 1) as the base for exploring the income diversification strategies being used by smallholders (Scoones, 1998). The framework comprises five core capitals: human capital, natural capital, financial capital, physical capital, and social capital. Context is the other major component of the framework, consisting of multiple sources of vulnerability, such as climate shocks, seasonality, and price variability of farming inputs and outputs. In this scenario, Solesbury (2003) argues that people have objectives (livelihood outcomes), and to achieve them, they undertake certain activities (adaptation strategies) using resources (livelihood assets) they can access. The marginal farmers depend heavily on crop production and seasonal wages from labor activities, whereas financially well farmers have sound access to productive assets (such as human and land capital) and use their capital base to engage in productive activities with higher returns. Farm households diversify their income portfolio by engaging in off-farm due to low farm income and excess family labor availability. For instance, Olale and Henson (2012) found a reduction of poverty in the fishing community by diversifying the income source and relieving the extra stress on fishing resources. Multiple researchers (Reardon, 1997; Abdulai and Delgado, 1999; Barrett et al., 2001; Woldenhanna and Oskam, 2001) have reported similar results in the past. Farm households diversify their income portfolio by engaging in off-farm due to low farm income and excess family labor availability. Hence, farmers allocate their part-time labor force to numerous non-farm activities such as sole proprietorship, petty trade, or participation in the migratory labor market. Income diversification enables farm households to generate substantial income, building resilience against climate change, reducing vulnerability, and escaping poverty. Smallholders from the rain-fed area, often called subsistence farmers, are considered susceptible to climate change and adapt their livelihood systems in the vulnerable context.


[image: Figure 1]
FIGURE 1
 Conceptual framework [Source: Adapted from Scoones, 1998].


The framework offers a theoretical foundation for analyzing and comprehending the determinants that influence the selection of livelihood approaches and their interrelationships. There exists a correlation between the endowment of capital and contextual factors in the decision-making process of households in selecting livelihood activities that either enhance or maintain their means of subsistence. The sustainable dimension pertains to how households can leverage resources to mitigate susceptibility arising from health, climatic, and market-related perturbations.




2. Methodology


2.1. Study area and data collection

The study was conducted in the northern parts of Punjab province, Pakistan, between the Indus and Jhelum Rivers, often called the Potohar plateau shown in Figure 2. The area of the Potohar plateau is 13,000 square kilometers, with elevation from the sea level between 305 and 610 m. The region follows an erratic rain pattern and undulating topography (Amir et al., 2019).


[image: Figure 2]
FIGURE 2
 Study area.


Approximately 994 thousand hectares of the Potohar plateau are under cultivation, with only 4% of the cultivated land irrigated, and approximately 96% of the land depends on rainwater. Rain-fed agriculture has low efficiency because of soil dissolution, unanticipated and inadequate rainfall, relatively low matter substance, and undesirable ecological conditions such as dry air and high temperatures. As a result of these factors, the Potohar plateau is facing severe food shortages and poverty-related issues (Suleri and Iqbal, 2019). The study consists of districts such as Rawalpindi and Chakwal from the Potohar area. This study employs a simple random sampling technique for data collection. A survey was conducted through a well-trained interviewer, and the rural population of these areas was our unit of analysis. Punjab province was selected in the first data collection phase because of its agriculture and economic importance to the country. In the second stage of the study, three districts (Rawalpindi, Chakwal, Jhelum) were selected. Consequently, in the third stage two tehsils were chosen from each of the district. Furthermore, we selected four to five union councils from each of the tehsils, and at the next stage, two to three villages were randomly selected from each union council. Finally, nearly 5 to 7 farmers were randomly chosen from each village, and a combined 441 were chosen.



2.2. Variable specification

This study employed non-farm income diversification as the treatment variable, with 1 signifying participation in non-farm activities and 0 = otherwise. Poverty was measured via two indicators: food consumption per capita and vulnerability. Food consumption was the continuous variable suggesting per capita expenditure in rupees. The vulnerability to predicted poverty can be described as the likelihood of household consumption dropping beneath the poverty line. As described by Morduch (1994), stochastic poverty is a significant part of vulnerability and often results when people rely on agriculture that is highly susceptible to weather, has underdeveloped banking systems, and lacks adequate social support. Based on empirical evidence, this study operationalized the dummy variable as 1, signifying a farmer expected to suffer from a poverty incident, and 0 = otherwise. Based on a literature review (Lass et al., 1991; Beyene, 2008; Babatunde, 2015; Iqbal et al., 2015), the determinants of non-farm income diversification were characterized as farmers, farm level, and institutional and environmental characteristics (see Table 1 for definitions). Based on the literature review (Bhutto and Bazmi, 2007; Baig et al., 2013; Usman et al., 2016; Jabbar et al., 2020; Nawab et al., 2021) and local context, we chose three SWC technologies, namely bund making (BM), drip irrigation (DI), and improved varieties, being practiced in the study region. Drip irrigation is an agricultural water technology that uses a systematic network of pipes and tubes to give controlled water flow. It is an effective system supported by government and non-government channels to handle constrained water resources effectively (Usman et al., 2016). DI is taken as a dummy variable with 1 = drip irrigation adoption and 0 = otherwise. Bund making is used to conserve soil moisture and minimize soil erosion. This technique is quite useful in saving water and restoring soil productivity. Contour trenching, terracing, crib structures, stone check dams, etc. are the common forms of bund making (BM) (Pathak et al., 1989). BM is taken as the dummy variable with 1 = if the farmer applies bund making and 0 = otherwise. Improved varieties are considered resistant to heat and droughts and better suited to the warmer and drier climate, with the potential to counterbalance the yield losses linked to climate change (Jabbar et al., 2022).


TABLE 1 Descriptive statistics and definition of the variables.
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2.3. PSM for the impact of non-farm income diversification on adopting SWC and poverty

This study employs a random utility framework conferring that farmers would diversify in case of utility gain is positive. Hence, farmers would likely diversify their income portfolio if [image: image] = UDJ − UNDJ > 0, whereas UDJ and UNDJ are the utilities for non-farm diversification and non-diversification, correspondingly. Consider yi1 is the outcome for the non-farm participants, while yi0 is for non-participants. Likewise, Smith and Todd (2001), the effect of non-farm diversification can be expressed as follows:

[image: image]

Δ Y denotes the impact of non-farm diversification for the sampled farmers. The mean difference in equation 1 is only possible if the farmer simultaneously engages in treatment and control groups. Nonetheless, as the farmer can only be involved in one group, measuring the treatment effect on non-farm participants has severe limitations. This study applied the propensity score matching (PSM) as we are interested in calculating both marginal and average treatment on treated (ATT) effects to provide an accurate understanding. The study operationalized the propensity score matching (PSM) approach to compare the outcomes of non-farm income diversification (“treated”) and non-diversification (“controlled”) alike in observable characteristics, hence avoiding the bias which may arise when the groups are methodically diverse (Dehejia and Wahba, 2002). It encompasses two stages; in the first stage Eq. (2), we generate the propensity score for participating in non-farm diversification activities. In the second stage, the average treatment on treated is calculated as in Eq. (3).

[image: image]

where P1 = {0, 1} is an indicator of choosing to participate in off-farm work (j=1), while Z1 is the vector of pre-choice characteristics.

[image: image]

This study employed kernel-based matching (KBM), nearest-neighbor matching (NNM), and radius-based methods to estimate the treatment effects on the treated. To further corroborate the findings from the PSM estimations, the study conducts the covariate balancing test. A balancing test is conducted to check whether households with similar propensity scores share parallel characteristics independent of treatment assignment (non-farm diversification).




3. Results


3.1. Descriptive statistics

Table 1 shows the descriptive statistics with food consumption expenditure per capita (ln) was 9.764. Sole proprietorship (Figure 3) was the most employed non-farm activity in the study region, whereas few respondents were engaged in more than one activity. To sum it up, the study found that approximately 42% of households were involved in a non-farming activity.


[image: Figure 3]
FIGURE 3
 Share of different non-farm activities.


The average age in this study was 44 years, the average household size was 5.7 people per house, and the average education years was 2.788, indicating that most could read and write. Nearly 32% of the farmers adopted DI and 52% practiced BM. The average farm size was 3.21 acres, and nearly 56% of the farmers had accessed credit in the past 12 months, while 46% received any agricultural advisory during the past year. The average distance from the village to the town was 3 kilometers.

Table 2 highlights a significant difference in means among diversified and non-diversified considering urban linkage, credit access, extension access, organizational membership, and risk perception about drought. The summary statistics suggest that the off-farm participants are younger, affluent, educated, and have better access to social networks than the non-participants.


TABLE 2 Difference of characteristics for diversified and non-diversified farmers.
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3.2. Determinants of non-farm income diversification

This study explores the effects of non-farm income diversification on adopting SWC technologies into farming and household poverty. We employed propensity score matching (PSM) to fulfill the research objectives. In the first stage, the PSM model estimates the determinants of non-farm income diversification, and furthermore, the treatment effects determine the impact of non-farm income diversification on poverty. The test statistics in Table 3 show that the LR chi-squared values for non-farm income diversification are positive; moreover, the probability of chi-squared was reported at the 0.000 level. Likewise, the pseudo-R2 value was also acceptable and showed significant variation. We categorized determinants based on empirical evidence (Lass et al., 1991; Beyene, 2008; Babatunde, 2015; Iqbal et al., 2015), non-farm participation as a farmer, farm, and institutional and environmental characteristics. Since parameter coefficients do not explain regression estimate magnitudes, we used the marginal effect to describe the results. The results suggest that gender and urban linkage positively influence the decision to participate in non-farm activities. The findings revealed that the farmers with some relative or connection outside the district are 12.5% more likely to participate in diversification activities than others with no external link, whereas livestock ownership is inversely related to non-farm income diversification decisions. The coefficient of cattle ownership is negative, showing that farmers with livestock ownership are 2.5% less likely to participate in off-farm activities. Institutional factors such as extension access and organizational membership also significantly and positively determine non-farm income decisions, while climate change risk perception also influences farmers' decisions to engage in non-farm income diversification.


TABLE 3 Probit model estimates for non-farm income diversification.
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3.3. Impact of non-farm income diversification on SWC adoption and poverty

The mean analysis ignores other factors that may composite the impact of non-farm activities on the outcome. Hence, considering this drawback, we carefully employed comprehensive econometric models to categorize the causal effects of non-farm income diversification on SWC adoption and household poverty. Based on propensity score predictions for both diversified and non-diversified groups, the study conducted a diagnostic test to determine the validity of the matching procedure for deciding how income diversification influences the outcome. Figure 4 and Table 4 illustrate the covariate balancing test and the assumption of a common support condition, respectively. The distribution of the propensity scores is depicted in the PSM graph.


[image: Figure 4]
FIGURE 4
 Propensity score distribution by non-farm income diversification.



TABLE 4 Test of equality of means of each variable before and after matching.

[image: Table 4]

The propensity score is well spread, ranging from nearly zero (0.026) to one (0.955), with an overall mean and standard deviation of 0.414 and 0.244, respectively. Figure 4 illustrates that the propensity scores for participants and non-participants are identical, indicating that the common support condition is fulfilled. Furthermore, a balance test was also performed in Table 4 to ensure equality across the covariates showing mean factors do not statistically differ; hence, off-farm participants and non-participant farmers share the same characteristics.

Table 5 findings show that after matching, the standardized mean covariate variance dropped from 30.7 to 9.1% leading to a cumulative reduction in the bias of about 70.9%, and the standardized mean is not larger than 5% after matching, as suggested by Rosenbaum and Rubin (1983).


TABLE 5 Overall matching quality indicators pre- and post-matching.
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Using three different PSM algorithms, Table 6 displays the impact of non-farm income diversification on poverty and adopting SWC practices. The findings showed that non-farm diversification enhances household consumption per capita by 0.22, 0.19, and 0.18, respectively. Farmers with non-farm involvement were less vulnerable to poverty as the vulnerability was decreased by 13–18% due to non-farm work. Likewise, Martin and Lorenzen (2016) found that non-farm participation in rural areas increases wealth accumulation and improves the financial situation of farmers.


TABLE 6 Effects of non-farm income diversification on SWC adoption and poverty.

[image: Table 6]

Furthermore, the adoption of SWC practices was positively influenced by non-farm diversification. Accordingly, farmers with non-farm participation were 0.22 to 0.23 more likely to adopt DI, 0.23 to 31 more likely to adopt improved varieties, and 0.22 to 0.23 more likely to adopt BM.




4. Discussion

Considering the nation's culture and norms, the gender of the household head is significantly and directly related to participation in non-farm income diversification strategies. The findings seem validated, considering the traditional role of the household head in decision-making in such countries. Likewise, Amare and Belaineh (2013) supported the significant and positive role of gender in determining participation in non-farm income diversification strategies.

Among the farmer's characteristics, the findings revealed that the farmers with some relative or connection outside are more likely to participate in income diversification activities. The network outside the district facilitates their mobility and communication with other groups, enhancing their capacity to trade and employment opportunities better. Multiple studies support the influential role of networks in promoting trade and employment opportunities (Nagoda and Eriksen, 2014). The results are consistent with the study findings by Gautam and Andersen (2016), which also support external linkage's positive and significant role in off-farm decisions.

On the other hand, cattle ownership is negatively related to participation in non-farm income diversification activities. This is because managing livestock requires time and labor, leaving little space to work off-farm. Likewise, Kousar and Abdulai (2015) reported a negative relationship between livestock ownership and non-farm income diversification.

The farmer-based organizational membership (FBOs) significantly determined farmer engagement with non-farm income diversification. Membership in any organization will improve access to social capital and polish entrepreneurship skills. Organizational membership has been observed as an essential means to minimize the financial constraints among rural and urban communities (Yebisi, 2014). The farmer-based organizations provide a social platform where the stakeholders come together to solve their social and economic problems. Through these associations, individuals pool their financial and social resources, thus providing the resources required to fulfill their investment, production, and consumption needs. Likewise, Ritossa and Bulgacov (2009) supported the positive impact of organizational membership on non-farm income diversification decisions. The access to extension services significantly and positively determined the farmer's decision to diversify their income sources. Modern extension services help farmers expand their income sources, specifically in countries like Pakistan, where most farmers depend on the weather for the water demand of crops. Likewise, Danso-Abbeam et al. (2020) also found a significant and positive relationship between extension access and non-farm income diversification decisions.

The results indicate the existence of direct linkages between farmers' risk perception of drought and non-farm participation decisions. The increase in climatic uncertainties remains a significant factor in technology adoption decisions. Our results reflect that extreme climatic events may raise water scarcity and moisture loss issues, ultimately affecting farm output. Hence, non-farm income diversification is a risk mitigation strategy to offset the income losses from climate change. Likewise, Ullah and Shivakoti (2014) highlighted the mitigating risk potential of off-farm diversification against environmental hazards.

The findings highlighted the significance of non-farm income diversification in elevating the adoption of SWC practices. As explained earlier, soil and water conservation practices involve extensive labor and capital. In comparison, non-farm diversification generates an extra income stream that stabilizes the smallholders' economic situation. Hence, in such cases, the additional income can be used to adopt SWC practices or hire additional labor if required. Furthermore, our results indicate that the farmers with off-farm participation are likelier to adopt SWC practices. Likewise, the study by Issahaku and Abdul-Rahaman (2019) showed the positive role of non-farm income in adopting sustainable soil management practices in Ghana.

Smallholders with non-farm participation are food secure and less vulnerable to poverty. Reardon et al. (1992) indicate that the diversification into non-farm activities elevates calorie consumption among the farmers of Burkina Faso. Consequently, Ruben (2001) also reported similar results that showed a strong association between non-farm income and higher food consumption expenditures in Zimbabwe. Furthermore, Scharf and Rahut (2014) suggest that off-farm income effectively improves rural household income. Moreover, Chang et al. (2008) reported that household non-farm income diversification consumes more food than others. Likewise, Issahaku and Abdul-Rahaman (2019) confirmed that households with non-farm work participation are less vulnerable to poverty.



5. Conclusion

Recent climate uncertainties have endangered the livelihood of the farming community; hence, enhancing income and ensuring the food security of rural communities remain the foremost priority for most developing countries. This study considers the concern by exploring the role of off-farm participation in addressing climate-induced issues and suggests valuable policy insights in the South Asian context. The research employed propensity score matching (PSM) to explore the effects of non-farm diversification on SWC adoption and poverty (vulnerability, food consumption). The findings showed that gender, urban linkage, cattle ownership, extension access, organizational membership, and drought risk perception determine farmers' inclination toward non-farm diversification. The results indicate a positive impact of non-farm diversification on SWC adoption. Hence, it can be inferred that non-farm participation generates extra income, which can be used to buy farm inputs and hire labor, thus resolving both cash and labor constraints. These findings imply that farmers with non-farm participation were less vulnerable to poverty and consumed more food. The importance of non-farm participation will likely increase in upcoming years; hence policies and programs (extension access, farmer groups) that aim for environmental restoration must include it. Introducing a well-organized interest-free scheme for sole proprietorship and small-medium enterprise development seems attractive to mobilize and engage human resources. Furthermore, the scheme should prefer women entrepreneurs to eliminate gender biases and patriarchic issues. Female participation may improve the overall rural economy and the welfare of the farming community.
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